. It is largely thought that in-office sedation by the operating dentist carries much higher risk, and it has been established that dental specialists carry the greatest risk of negative outcomes for sedation (Coté et al. 2000) . Indeed, in a recent survey, over 75% of 439 responding dentists in Virginia said that at least one of their patients had experienced a sedationrelated emergency in their offices.
Treatment to Achieve Prevention
Silver diamine fluoride (SDF) is a brush-on liquid that stops 81% of dental caries lesions (Gao, Zhao, et al. 2016) . This treatment success rate is similar to that of restorations placed under general anesthesia (Bücher et al. 2014) : stopping lesion progress (caries arrest) appears to have the same effect on preventing pain from the lesion as restorations, but these approaches need to be compared directly in diverse clinical situations. In addition, lesion arrest is not the same as the incidence of new lesions (elaborated above for treatment under GA). In that vein, one of the most exciting aspects of SDF is the 58% ± 22% decrease in new lesions after 1 to 3 y compared to no treatment or placebo controls, also outperforming all topical interventions except sealants (Chu et al. 2002; Llodra et al. 2005; Liu et al. 2012; Monse et al. 2012) . The effective treatment of caries lesion sensitivity, albeit in the permanent teeth of adults (Castillo et al. 2011) , further indicates SDF as an appropriate treatment for caries. SDF meets the goals of decreasing pain and incidence of new lesions.
Stopping Caries Lesion Progression (Caries Arrest)
Three clinical trials on caries arrest by SDF have been published since our systematic review ( Fig. 2 ; Horst et al. 2016) .
One trial in 3-to 4-y-old children documented a dose-response in both application frequency and concentration (Fung et al. 2016) . Twice-annual application resulted in more arrested lesions after 18 mo; similarly, 38% SDF (Saforide; Toyo Seiyaku Kasei Co. Ltd.) stopped more lesions than 12% SDF (Cariostop; Biodinâmica Químicae Farmacêutica LTDA). This trend maintained after 24 and 30 mo, although the magnitude of effect for each regimen appeared to plateau at 18 mo (Fung et al. 2017) . The higher effectiveness from increased frequency mimicked that shown previously (Zhi et al. 2012) .
Another trial in 3-to 4-y-old children documented increased efficacy at 6 and 12 mo following intensive application (3 times in 2 wk), which was overcome in the single-application group by reapplication at 12 mo . These outcomes support both the concepts of intensive applications at the beginning of treatment and reapplying over longer periods of time. It should be noted that much lower arrest rates were seen in this study than others, which may be explained by the concentration of Cariostop actually having around one-third SDF instead of the advertised 30% (Mei et al. 2013) .
A trial in adults averaging 72 y of age showed dramatically more effectiveness in arresting caries, 90% (Li et al. 2016) , than the 28% seen in the previous study of arrest in older adults (Zhang et al. 2013 ). This study also explored the application of potassium iodide (KI) after SDF to reduce discoloration, as the interaction of the 2 produces silver iodide that is yellowish white, instead of black from oxidized silver. This combination did not reduce effectiveness; on the contrary, there was a nonstatistically significant trend for higher effectiveness at all timepoints. It may be instructive to note that a similar trend in higher effectiveness at all timepoints was also observed following precipitation with tannic acid (Yee et al. 2009 ). Unfortunately, using KI did not make a significant change to the discoloration resulting from SDF treatment. Indeed, the intention of applying KI after SDF is to decrease color changes while remaining sealed and blocked from light, as under opaque glass ionomers (personal communication from the inventor, Graham Craig, 2017).
In total, 1,816 patients have been treated with SDF across 12 randomized clinical trials published in English. Pharmacokinetics (Vasquez et al. 2012 ) and gingival response (Castillo et al. 2011 ) have been assessed in adults. No significant harms have been noted. This would seem to indicate safety, but in reality, no prospective explicit measure of safety had been published in children. To address this question, we completed a doubleblind randomized placebo-controlled superiority trial of SDF in 66 children aged 3 to 5 y. We included a safety questionnaire to parents within 48 h of treatment and physical assessment at follow-up (Milgrom et al. 2017) . This "Stopping Cavities" trial documented no adverse events within 21 d after application of blue-tinted SDF (Advantage Arrest; Elevate Oral Care LLC) without a rinse. Higher levels of arrest were observed in this trial (72%), at 2 wk versus the earliest trial outcome of 6 mo ( Fig. 2) , which suggests that the effect dissipates with time. Concerns have been expressed about losing effectiveness by rinsing SDF away in the UCSF Protocol; the purpose was Figure 2. Graphic summary of randomized controlled trials demonstrating caries arrest after topical treatment with silver diamine fluoride (SDF). Studies are arranged vertically by frequency of SDF application. Caries arrest is defined as the fraction of initially active carious lesions that became inactive and firm to a dental explorer. SDF (38% unless noted otherwise); GIC, glass ionomer cement; NaF, 5% sodium fluoride varnish; + OHI q6mon, SDF every year and oral hygiene instructions every 6 mo; q1year, every year; q3mon, every 3 mo; q6mon, every 6 mo. Updated from Horst et al. (2016) .
concern of safety without it (Horst et al. 2016) . The lack of adverse events observed in this study leaves no apparent reason to continue rinsing lesions after SDF treatment. It is often appropriate to rinse or wipe the tongue only, to remove the taste after SDF application, or to cover the taste by giving the child something with a strong desirable flavor.
From these 4 trials, clinicians may also consider intensive application regimens (e.g., 3 times in 2 wk) and then spreading out further applications over time, skipping the rinse, and further reassurance of a dose-response by application frequency, the need for repeated application over time, and a range from 28% to 90% arrest in treating root caries in older adults.
A recent systematic review found various comparative clinical studies and case series published in Chinese, Japanese, Portuguese, and Spanish (Gao, Zhao, et al. 2016 ). After excluding studies by quality and risks of bias, they estimated an 81% likelihood of caries arrest in primary teeth (95% confidence interval, 68%-89%) following treatment with 38% SDF regardless of application regimen and duration of evaluation. A recent case series in Oregon showed 100% arrest after 3 mo (Clemens et al. 2017) .
Five clinical trials compare caries arrest following treatment with SDF against a control or placebo. In 2 of the studies, the placebo group showed no significant pattern of caries arrest from baseline (Yee et al. 2009; Tan et al. 2010 ). However, 3 of the studies showed a significant effect, ranging from 34% to 62% of lesions becoming arrested (Chu et al. 2002; Llodra et al. 2005; Li et al. 2016) . Thus, it is probable that some lesions do not need treatment and will become arrested without intervention. Consequently, the 81% of caries lesions estimated to arrest following SDF treatment probably include some that would arrest without SDF treatment.
Other Noninvasive Approaches to Arrest Caries
While some medicaments decrease the incidence of new lesions, almost no noninvasive therapies available in the United States have been shown to stop caries lesions in the dentin. Fluoride varnish reverses two-thirds of enamel lesions (Gao, Zhang, et al. 2016 ) but makes no impact on dentin caries compared to placebo (Chu et al. 2002) . While clinical studies during the early and midpart of the past century showed highly inconsistent outcomes from silver nitrate, use to treat dentin caries in the early 1800s and 1900s was common enough to suggest that there is some effect (Black 1908) . Sealing in caries, where circumferential enamel is accessible, seems to be the only effective noninvasive alternative (Mertz-Fairhurst et al. 1998) .
The Hall crown technique similarly achieves the goal of sealing in caries lesions without removal of any carious material, although the crown margins dive into the gingival sulcus and thus might be considered to have some amount of invasiveness. Nonetheless, the Hall crown does not require accessible cavity margins or removal of any tooth structure. SDF is the combination of an antimicrobial (Ag, 25% w/v), a remineralizing agent (F, 5%), and a stabilizing agent that happens to also be an antiseptic (ammonia, 8%). As mentioned above, none of the components of SDF have been shown to be consistently effective in treating dentinal caries lesions on their own. This suggests that future gains may be made by further or different combinations.
Regulatory Progress
In 2014, the FDA cleared SDF as a medical device for treating tooth sensitivity. In 2016, the FDA awarded breakthrough therapy status as a commitment to an application for approval of SDF as a drug to treat severe early childhood caries (press release from Elevate Oral Care, October 30, 2016). Breakthrough therapy status does not mean approval; rather, it is a commitment to evaluate and assist in the related new drug application, for a life-threatening disease with no available treatment. Nonetheless, this and the consistent response in many previous clinical trials suggest that SDF will be the first FDA drug to treat dental caries. Canada recently approved SDF with an indication of "anti-caries" (press release from Oral Sciences, March 8, 2017). The Indian Health Service released a policy supporting the use of silver ion antimicrobials (SDF or the combination of silver nitrate and fluoride varnish) in their clinics. The American Dental Association Council on the Advancement of Access and Prevention has written a resolution in support of use of SDF for caries. The American Academy of Pediatric Dentistry has adopted a policy and guideline supporting use to treat caries as well. This wave of support and interest is appropriate given the many large clinical trials that demonstrate effectiveness.
SDF Adoption
Recent conference presentations described studies that document high levels of acceptance of the stains caused by SDF. An elegant study in New York City asked 33 parents to choose between treatment with SDF or white plastic resin fillings, informing them of the considerations to enable these treatments (Tesoriero and Lee 2016) . All parents of "uncooperative" children chose SDF, while two-thirds of parents of other children also chose SDF. A sex disparity emerged, wherein 86% of parents chose SDF for their sons, while only 61% chose SDF for their daughters; still, the majority prefer a black stain and uncertainty about outcome over an injection, drill, and prolonged treatment time. The implication is that parents would rather their children have blemishes than experience pain.
Another similar study nearby asked about hypothetical acceptability of the stain. While only 32% of parents accepted the idea of SDF for treating anterior teeth initially, a potential requirement of general anesthesia to enable operative treatment drove acceptance up to 70% (Crystal et al. 2017) . It is interesting to consider how responses might have differed if the studies were conducted after the December 2016 FDA Black Box Warning on the use of GA in pregnancy and before the third birthday. Meanwhile, most pediatric dentistry residencies (Nelson et al. 2016 ) and half of dental school programs are teaching trainees about SDF (Ngoc et al. 2017) .
A recent study evaluated the perception of parents whose children were treated with SDF in the case series in Oregon mentioned previously. Most parents strongly agreed that "SDF application is an easy process; I am comfortable with discoloration of cavities after SDF placement; SDF application was pain free for my child; The taste of SDF was acceptable to my child," and all the remaining parents responded as either agreeing or being neutral, except 1 who disagreed about comfort with discoloration (Clemens et al. 2017) . Indeed, the first clinical trial of SDF published in English found that parental satisfaction with their children's dental appearance was not different between baseline and 2 y later or between treatment groups. This study in Guangzhou, China, found that 7% of parents described dark teeth as the reason for dissatisfaction, with the remainder concerned about signs of decay in the anterior teeth generally (Chu et al. 2002) . This suggests a very high acceptance rate of SDF in cultures as disparate as Guangzhou and Oregon.
SDF Microbial Mechanisms
While considerable in vitro experiments have documented that SDF inactivates every tested protein and bacterium, until the Stopping Cavities trial, no clinical microbiology had been published. The question arose: if SDF kills all bacteria, which microbes are present in the nutrient-rich environment of the SDF-treated caries lesion? To address this question, we performed massively parallel RNA sequencing of a pilot set of plaque samples in the Stopping Cavities trial, taken from 2 caries lesions before and 2 wk after placebo or control treatments for each child (Milgrom et al. 2017) . RNA was used as a proxy for vitality, to enable measurement of all vital microbes; RNA degrades within an hour of production in these conditions. Care was taken to minimize inflow of saliva. The hypothesis was that the relative abundance of caries-associated bacteria would be reduced in the treatment group, but surprisingly, no such changes were observed. Mild increases were seen for only a few bacteria not related to caries and that pose no known threat. A trend toward increased diversity was seen, rather than the expected decrease that is ubiquitously observed following a course of systemic antibiotics. This signals safety. Abundant high-quality RNA was retrieved, which was also surprising. The RNA sequences were also scoured for antibiotic or antimetal resistance genes, and these were not changed by treatment. While this was a pilot study in a subset of patients, it is impressive that the microbial composition of the dental plaque on the surface of treated lesions did not significantly change.
Summary
The appropriateness of traditional operative dentistry under sedation and general anesthesia as the first line of treatment for dental caries in primary teeth is in question. The FDA Black Box Warning against general anesthetics in young children urges a paradigm shift. Clearance of SDF in the United States provides an agent for change to noninvasive caries management. Rapid adoption despite the nonesthetic results indicates preference against the discomfort required by traditional operative dentistry, which is further supported by surveys and parent choices. New clinical trial data suggest starting with more frequent applications and decreasing frequency with time, while maintaining at least annual application and removing the rinse step. Our recent work documents a surprising lack of changes to the dental plaque microbiota following SDF treatment. While more work needs to be done to understand and anticipate treatment failure, all new data support the effectiveness and safety for treatment of dental caries by SDF.
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